stimulation. We recently demonstrated the phasor approach to biosensor FRET detection by FLIM as a method that is robust towards biosensor design (single and dual chain) as well as the fluorescence artifacts inherent to the cellular environment. Using a frame mode acquisition we were able to map the spatial localization and quantify the fractional contribution of the free and bound state of a dual chain biosensor or the low and high FRET species of a single chain biosensor in each pixel of an image. To increase temporal resolution we find that line acquisition of FLIM data increases the total pixel integration and allows us to probe millisecond to second dynamics of RhoA and Rac1 activity across the cell. Given that this timescale is comparable to the diffusive rate at which Rac1 and RhoA traverse the cell upon activation we concomitantly perform pair correlation function (pCF) analysis along the line scan and investigate the molecular flow pattern of RhoA and Rac1 upon growth factor stimulation. We find for RhoA and Rac1 there are distinct gradients of activation from back to front (FLIM data) and a molecular flow pattern (pCF) that explains the observed polarized GTPase activity. Centro Nacional de Investigaciones Cardiovasculares, Madrid, Spain. N&B is a technique based on moment-analysis for the measurement of the average number of molecules and brightness in each pixel in fluorescence correlation microscopy images. The average brightness of the particle is obtained from the ratio of the variance to the average intensity at each pixel (Digman et al., 2008). N&B is useful for determining stoichiometry and oligomerization of protein complexes in live cells. However, the signal is generally affected by some long-term fluctuations, mainly due to cellular motion and photobleaching. These effects lead to an overestimation of variance, and consequently of brightness. In this work we present a protocol for correcting N&B analysis for these sources of extra-variance. We sort out the errors due to translational motion by realigning the images of the time series (~250 frames) using a simple routine based on correlation arguments. This correction is useful because N&B is a pixel-based technique. After realignment, a given region of the cell can be associated to each pixel, avoiding signal fluctuations due to the displacement of the cell. Moreover, we use a particular high-pass filter, the 'boxcar' filter, to correct for the extra-variance introduced by photobleaching, which is an exponential reduction of the response of the fluorophore to laser excitation. Since photobleaching is negligible within a short time period (i.e., a small data segment), the boxcar filter allows the computation of brightness in a sliding segment, spanning allover the signal. The final result is the average over the total collected frames of the brightness values computed for each segment (Hellriegel et al, 2011). We demonstrate the efficiency of these corrections using simulations of membrane motion and photobleaching. We also provide examples of correction applied to data acquired on EGFP constructs expressed in live cells.
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A Novel FRET Biosensor For Measuring Glycolytic Activity: A Study of Pancreatic Beta-Cells Matthew J. Merrins, Leslie S. Satin. University of Michigan, Ann Arbor, MI, USA. Pulses of insulin from pancreatic beta-cells help maintain blood glucose in a narrow range, although the source of these pulses is unclear. We propose that a positive feedback circuit exists within the glycolytic pathway employing the allosteric enzyme phosphofructokinase-1 (PFK1), which endows beta-cells with the ability to generate oscillations in metabolism via autocatalytic activation by its product Fructose-1,6-bisphosphate (Fru1,6-BP). To test this hypothesis, we have engineered a family of inter-and intramolecular Cerulean/Citrine FRET biosensors based on the glycolytic enzyme pyruvate kinase M2 (PK), which is allosterically activated and reported to multimerize upon binding Fru1,6-BP. When introduced into Min6 beta-cells, intramolecular PK biosensor apparent FRET efficiency increased dose-dependently in response to glucose (0, 2.5, 11, and 25 mM). This change was rapid (within seconds) and reversible. When Min6 cells were stimulated with 25 mM glucose/TEA, oscillations in PK biosensor activity were evident as ratiometric FRET changes, and exhibited a similar period to slow oscillations in intracellular calcium or NAD(P)H (3-4 min). Our results suggest that glycolysis in beta-cells is oscillatory and that PFK1 is indeed an attractive candidate for the oscillatory generator. More broadly, this family of PK biosensor constructs could be useful for exploring the magnitude and kinetics of glycolytic activity in living cells. Supported by F32DK085960 (M.J.M.) and R01DK46409 (L.S.). Fluorescence dynamics of single molecules can be followed on timescales from sub-nanoseconds to seconds and even beyond with a universal approach of time-resolved measurements. The underlying technique (Time-Tagged TimeResolved (TTTR) Recording) allows one to simultaneously record timing and fluorescence intensity information, both spectrally and spatially, on a single photon basis. We apply photon sorting and weighting schemes determined from the nanosecond photon arrival times to extend and improve single-molecule fluorescence methodologies which up to now commonly utilize only intensity-based analysis, namely FCS and FRET. In Fluorescence Lifetime Correlation Spectroscopy (FLCS) photon weighting provides superior suppression of common parasitic contributions, e.g., Raman scattering and detector after-pulsing. Beyond this improvement of traditional FCS, FLCS also offers the possibility to accurately determine diffusion properties of different species only requiring that the species differ in their fluorescence lifetimes [1] . In 2-focus-FCS (2fFCS), the nanosecond timing information is used to identify the spatial origin of the photons by combining Pulsed Interleaved Excitation (PIE) with time-gated detection [2] . Thereby, 2fFCS dramatically improves the accuracy of measuring absolute diffusion coefficients. In addition to this, PIE can be used to identify artifacts and subpopulations in single-pair FRET measurements. Nanosecond time-resolved detection offers a complementary approach to donor/acceptor intensity based methods for calculating FRET efficiencies via quenching of the donor lifetime.
[1] Benda A., Hof. M., Wahl M., Patting M., Erdmann R., Kapusta P., Rev. Sci. Instr., Vol.76, 033106 (2005) [2] Dertinger Th., Pacheco V., von der Hocht I., Hartmann R., Gregor I., Enderlein J, ChemPhysChem, Vol.8, p.433 (2007) 1001-Pos Board B787 Ultra-Deep Imaging with Cellular Resolution: Enhanced Two-Photon Fluorescence Microscopy with the Use of a Wide Area Photodetector Viera Crosignani, Alexander Dvornikov, Enrico Gratton. Univesity of California, Irvine, Irvine, CA, USA. We have previously shown that the use of a wide photocathode area PMT as a detector in a two-photon fluorescence microscope allowed us to image in turbid samples up to the depth of about 2.5 mm with cellular resolution. This detection scheme enables a very efficient collection of fluorescence photons directly from the wide (1'' diameter) area of the sample, which considerably increases the detection system sensitivity in comparison to a traditional twophoton microscope, where fluorescence is collected by the same objective lens used for excitation. Because the imaging depth depends on the ability of the system to sense weak fluorescent signals, this new detection method significantly enhances the imaging depth. We have recently built a new experimental system that works in the upright configuration, which is best suited for experiments on live animals. The system employs a high power Ti:Sa Mai Tai laser with a group velocity dispersion compensator (DeepSee) for two-photon fluorescence excitation that allows us to extend the imaging depth to 3mm in samples simulating brain tissue optical properties. Imaging experiments in vivo and in vitro have also been conducted on live animals (mice) and tissues (skin, colon, small intestine). With the aid of the new high speed response PMT that we are currently incorporating in the system, we will be able to perform fluorescence lifetime imaging microscopy (FLIM) on whole animals and tissue samples at a few mm depth. This double feature will particularly aid in vivo neuron imaging. This work was supported by National Institutes of Health grants: P41-RRO3155, P50-GM076516 Sunday, February 26, 2012 199a 
